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This invention relates to a process for producing gelatin spherical gels, and more particulariy to a process 
for producing gelatin spherical gels suitable for an embolic agent or a carrierfor impregnating pharmaceuticals 
, In recent years, studies on embolization of arteriae. selective intra-arterial injection of drugs, and the like 
have been made extensively in the field of radiology. These studies have their objects to conduct embolization 
on a trophic artena having neoplasm as pretreatment of surgical removal of the neoplasm so as to reduce the 
bleeding amount during operation, orto reduce the neoplasm by closure of tropic arteria or by selective injection 
of pharmaceuticals from tropicarteria in the case of carcinomatous neoplasm when radical operation is imposs- 

On the other hand, embolic agents can be divided into two groups depending on purposes, that is, those 
having ephemeral embolism or having solubility, and those having permanent embolism or having insolubility 
As embolic agents for such purposes, there are used those obtained by dissolving gelatin in water, foaming 
subjecting to lyophiiization to form spongy body and cutting into several millimeters at a side or powdered ; those 
obtained by adding fomialdehyde to gelatin, conducting polymerization with heating, blowing air bubbles there- 
into to fonnd spongy body and cutting into several millimeters at a side or powdered ; or the like. In the case of 
selective injection of phamiaceuticals, these substances are impregnated with pharmaceuticals before use. But 
since these substances are in broken fomi, they have a defect In that they are difficult to adhere to blood vessels 
compared with spherical ones. 

As spherical substances available commercially, there are known those made from organic polymers such 
as polystyrenes, poly(acrylic acids ester)s. polyvinyl alcohols, those made from inorganic substances such as 
silica, glass, etc. But these substances have a problem from the viewpoint of safety when they are included in 
a living body. 

At present, as the embolic agent, there is used gelatin sponge cut finely by aknife or the like. But this 
requires complicated procedures to obtain a necessary size and does not produce spherical form, which results 
in not only being insufficient in embolic effect but also making a catheter treatment procedure difficult Further, 
it IS also pointed out that when gelatin sponge is exposed to working circumstances for a long peroid of time 
there is a danger of contamination (C.A. Athanasonlis, R. C. Pfister, R.E. Green : "Interventional Radioloay"' 
W.B.SaudersCo.,1982). ^' 
It is an object of this invention to provide spherical substances usuable as embolic agent, etc and a process 
for producing the same overcoming the problem mentioned above. 

This invention provides a process for producing gelatin spherical gals which comprises dispersing an 
aqueous solution of gelatin and an aliphatic dial or a water-soluble polyvalent epoxide in a dispersing medium 
obtained by dissolving water-insoluble ethyl cellulose in a non-polar alicyclic hydrocarbon solvent which is not 
misoible with water, and conducting a crosslinking reaction. 

This invention also provides crosslinked gelatin spherical gels (particles) having a particlesize of 50 to 1000 
nm for use as an embolic agent. 

Gelatin has various molecular weights depending on raw materials used. In this invention, there is no par- 
fcular limit to the molecular weight. Gelatin has functional groups such as -NH2, -OH and -COOH which 
become reactive sites at the crosslinking reaction. 

The aliphatic acid or polyvalent epoxide undergoes a crosslinking reaction with gelation and is hereinafter 
referred to as "crosslinking agenr. Examples of aliphatic dials include glyoxal, propanedial, butanedial, pen- 
tanedial (glutaraldehyde), and hexanedial ; water soluble polyvalent expoxides include ethylene glycol diglyci- 
dyl ether, polyethylene glycol diglycidyl ether, glycerol polyglycldyi ether, digiycerol polyglycidyl ether, sorbitol 
polyglycidyl ether and diglycidyl methyl-hydantoin. 

These crosslinking agente can be used alone or as a mixture thereof, preferably in an amount of 1/20 to 
20 equivalent weight, more preferably 1/1 0 to 1 0 equivalent weight, per equivalent weight of the group in the 
gelatin reactive with the crosslinking agent The group in the gelafin reactive with a dial is an amino (NH2) group 
and that reactive with an epoxide is an amino (NHa) and carboxyl (COOH) groups. When the amount of 
crosslinking agent is too small, the degree of crosslinking is lowered to easily break the spherical form, whereas 
the amount of crosslinking agent Is too large; the degree of crosslinking is also lowered not only to easily break 
the spherical fonm but also to retain unreacted functional groups of the crosslinking agent in the resulting par- 
ticles due to the reaction of the crosslinking agent in the grafted form. As the crosslinking agent, it is preferable 
to use those which do not react with ethyl cellulose. 

As the dispersing medium, there is used one obtained by dissolving water-insoluble ethyl cellulose in a 
non-polar hydrocarbon solvent which is not miscible with water. This solvent can dissolve the water-insoluble 
ethyl cellulose. The non-polar alicydio hydrocarbon solvent can be used together with one or more polar sol- 
vents such as esters, ketones, haiogenated alkanes, ethers, alcohols or aromatic hydrocarijons, these being 
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unreactive with the crosslinklng agent. 

Preferable examples of the alicyclic hydrocarbons are those having 5 to 10 carbon atoms or alkyi substi- 
tuted alicydio hydrocarbons such as cyclopentane, cyclohexane, cycloheptane, methyoyclohexane, cyclooc- 
tane, decalin. These alicyclic hydrocarbons can be used alone or as a mixture thereof. 
5 The aromatic hydrocarbons include aromatic hydrocarbons and halogen substituted aromatic hydrocar- 
bons having 6 to 8 carbon atoms Examples of these aromatic hydrocarbons are benzene, toluene, zylenes, 
ethylbenzene, chlorobenzene, dichlorobenzene, bromobenzene, dibromobenzene. These can be used alone 
or as a mixture thereof. 

As the esters, there can preferably be used these obtained from fatty acids with 1 to 8 carbon atoms or 
10 aromatic carboxylic acids with 7 to 8 carbon atoms and alcanols having 1 to 8 carbons alone or as a mixture 
thereof. Examples of the esters are methyl acetate, ethyl acetate, n-butyl acetate, benzyl acetate, methoxyethyl 
acetate, methyl caproate, methyl benzoate, diethyl phthalate. 

As the ketones, there can preferably be used aliphatic ketones having 5 to 8 carbon atoms, and aromatic 
ketones having 8 to 13 carbon atoms alone or as a mixture thereof. Examples of the ketones are methyl isobutyl 
15 ketone, cyclohexanone, methyl amyl ketone, hexyl methyl ketone.acetophenone, benzophenone. 

As the halogenated alkanes, there can preferably be used alkanes having 1 to 4 substituted halogens alone 
or as a mixture thereof. Examples of the halogenated alkanes are methylene chloride, carbon tetrachloride, 
1,2-dlchloroethane, 1,1,2-trIchloroethane. pentachloroethane, 1,2-dichloroprDpane, 1,2-dichlorobutane, 1,2- 
dibromoethane, 

20 As the ethers, there can preferably be used straight-chain or cyclic ethers having 4 to 8 carbon atoms alone 
or as a mixture thereof. Examples of the ethers are dl-n-propyl ether, di-n-butyl ether, tetrahydrofuran, dioxane, 
diethylene glycol dimethyl ether. 

As the alcohols, there can preferably be used alkanols having 4 to 8 carbon atoms oralkoxy alkanols having 
4 to 8 carbon atoms alone or as a mixture thereof. Examples of the alcohols are n-butanol, n-octanol, 
25 methoxyethanol. ethoxyethanol, butoxyethanol, diethylene glycol monomethyl ether. 

As the water-Insoluble ethyl cellulose, there can be used those having an ethoxy group content of 43 to 
50%. The words "ethoxy group content" mean a weight percent of the ethoxy group in ethyl cellulose. Among 
those mentioned above, those having relatively smaller ethoxy group content, for example those having 43 to 
46% by weight of the ethoxy group content, are hardly soluble in the above-mentioned non-polar alicyclic hyd- 
30 rocarbon solvent Therefore, when the above-mentioned non-polar alicyclic hydrocarbon solvent is used alone 
as the dispersing medium, it is preferable to use those having 47 to 50% by weight of the ethoxy group content. 

When the water-insoluble ethyl cellulose is used in combination with one or more above-mentioned non- 
polar alicyclic hydrocarbon sclents there can be fomied a dispersing medium. But since the solubility of ethyl 
cellulose in a non-polar alicyclic hydrocarbon solvent is poor as mentioned above, it is preferable to use the 
35 above-mentioned polar solvent or aromatic hydrocarbon together as dispersing medium. 

When a mixture of non-polar alicyclic hydrocarbon solvent and at least one aromatic hydrocarbon is used 
as dispersing medium, the aromatic hydrocarbon can be used In an amount of preferably 400% by weight or 
less, more preferably 200% by weight or less based on the weight of the non-polar organic solvent. 

When a mixture of non-polar organic solvent and at least one of the esters, ketones and halogenated 
40 alkanes is used as dispersing medium, the latter component can be used in an amount of preferably 200% by 
weight or less, more preferably 150% by weight or less, based on the weight of the non-polar alicyclic hyd- 
rocarbon solvent. 

When a mixture of non-polar alicyclic hydrocarbon solvent and at least one of the ethers and alcohols is 
used as dispersing medium, the latter component can be used in an amount of preferably 30% by weight or 
45 less, more preferably 20% by weight or less, based on the weight of the non-polar alicyclic hydrocarbon solvent. 

When the aromatic hydrocarbons, ketones, esters, halogenated alkanes, ethers, alcohols are used 
together with the non-polar alicyclic hydrocarbon solvent in amounts larger than the values mentioned above, 
there is a tendency not to provide a good dispersing medium. 

The water-insoluble ethyl cellulose can be used in an amount of preferably 0.05 to 10% by weight, more 
50 preferably 0.5 to 5% by weight, based on the total weight of the dispersing medium. 

It is preferable to use the dispersing riedium in an amount of preferably 50 to 2000% by weight, more pref- 
erably 1 00 to 1 000% by weight, based on the total weig ht of gelatin, the crosslinklng agent and water (hereinaf- 
ter referred to as "the amount of water phase"). When the amount of the dispersing medium is too much, the 
productivity becomes poor, while when the amount of the dispersing medium is too small, the stability of dis- 
55 persing medium becomes poor. 

The amount of gelatin can be selected optionally from 5% by weight to the saturated concentration based 
on the weight of the water phase. If the amount of gelatin Is too small the productivity is lowered. 

The dispersion of an aqueous solution of gelatin and the crosslinklng agent in the dispersing medium can 

3 
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be conducted by adding an aqueous solution obtained by dissoiving gelatin and the crosslinl<ing agent in water 
to a liquid medium immiscible with water, followed by stimng. But since gelatin easily reacts with the crossiinking 
agent, it is preferable to disperse an aqueous solution of gelatin in the liquid immiscible with water, followed 
by addition of the crossiinking agent or an aqueous solution thereof thereto. 
5 The crossiinking reaction can be conducted in the dispersed state at a temperature of from room tempera- 

ture to the boiling point of water or the dispersing medium for, for example, 5 to 1 0 minutes. 

As stin-ing method during the reaction, there can be employed a stinring method by using an emulsator 
accompanying high-speed shearing, a stirring method by using a marine propeller stirrer or magnetic stirrer 
not accompanying mechanical cutting or grinding, and the like. These stining methods can be selected depend- 
10 ing on the desired particle size. When the stirring with high-speed shearing is employed, it is preferable to con- 
duct such a stirring before the crossiinking reaction so as not to destroy crossiinked particles. 

The thus obtained polypeptide spherical gels can be recovered by filtration or decantation, washing with 
a solvent having a relatively low boiling point for purification, followed by drying under atmospheric or reduced 
pressure. 

15 If a very limited range of particle size is required, a conventional classification can be employed. 

The spherical gelatin particles have a particle size of preferably 50 to 1000 jtm (In dry state) and a swelling 
volume of preferably 5 to 1 00 mi/g when measured in an isotonic sodium chloride solution. The swelling volume 
shows a degree of crossiinking. 

When the spherical gelatin particles are used as embolic agent, it is preferable to use those having a particle 

20 size of 100 to 1000 nm in dry state and a swelling volume of 5 to 1 0Oml/g when measured in an isotonic sodium 
chloride solution. The swelling volume in the isotonic sodium chloride solution of 5 to 60 ml/g is more preferable 
and that of 5 to 30 ml/g is the most preferable.When the particle size of the crossiinked spherical gelatin particles 
is too small, there often arises a fear of embollzing capillarys at nomial portions while passing through the por- 
tion to be embollzed. When the swelling volume (th degree of swelling) is too small, the embolic agent becomes 

25 rigid, is difficult to be injected into blood vessels due to lack of flexibility, and has a fear of causing inflammation 
at an innerwallof the embolized portion. On the other hand, when the degree of swelling is too large, the embolic 
agent swells in a contrast medium or causes agglomeration of individual particles, which results in making the 
injection difficult and making effective embolization difficult. 

In this invention, the swelling volume is detemiined by placing 1 g of the particles In a messcylinder, adding 

30 an isotonic sodium chloride solution to the messcylinder sufficiently, allowing the messcylinder to stand day 
and night, and measuring the volume of sedimented swollen particles. 

The embolic agent according to this invention can be injected into a blood vessel, for example, by a Sel- 
dinger technique, wherein a catheter is inserted into a desired portion which is supplied the embolic agent 
through the catheter. In such a case, it is preferable to use the embolicagent dispersed in and swelled with a 

35 contrast medium. The embolic agent should be well dispersed in the contrast medium so as not to cause 
agglomeration of individual particles. For such a purpose, it is preferableto use the contrast medium 2 to 10 
times as large as the swelling volume. 

The contrast medium can be obtained by dissolving a contrast sensitivity component in a liquid medium 
which is safe to a living body and does not interfere contrast. The concentration of the contrast sensitivity com- 

40 ponent is not particulariy limited and can be 100% when a contrast sensitivity component Is liquid and has a 
sufficiently low viscosity. Examples of the contrast sensitivity component are meglumine sodium amidotrizoate, 
meglumine amidotrizoate, meglumine iotalamate, meglumine sodium iodamide, meglumine iodamide, met- 
rizamide, L(+) - N,N' - bis - (2 - hydroxy - 1 - hydroxymethylethyl) - 2, 4, 6-triiodo - 5 - lactamide-isophtha- 
lamlde, etc. These can be used in a suitable concentration, usually as a 30 to 80% by weight solution. 

45 It is preferable Id use a contrast medium which has a little or no difference in specific gravity compared 
with the crossiinked spherical gelatin particles. Since the specific gravity of the crossiinked spherical gelatin 
particles is about 1.3, the specific gravity of contrast medium is preferably about 1.2 to 1.4. Among contrast 
sensitivity components mentioned above, meglumine sodium amidotrizoate is more preferable considering the 
contrast ability and adjustment of the specific gravity in the range of 1 .2 to 1,4. 

50 This invention is illustrated by way of the following Examples and Comparative Examples. 

Example 1 

In a dispersing medium comprising 150 g of cyclohexane and 50 g of toluene, 6 g of ethyl cellulose (the 
55 ethoxy group content : 49% by weight) was dissolved. The resulting dispersing medium was introduced into a 
500-ml flask equipped with a cooling tube and agitating blades made from polytetrafluoroethylene. The stimng 
speed was controlled at 400 r.p.m and the temperature was raised toZO'C. Then, 40 g of an aqueous solution 
of gelatin obtained by dissolving gelatin in water in a concentration of 30% by weight was added to the flask, 
4 
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followed by addition of 4 g of a 50% aqueous solution of giutaraldehyde (4 equivalent weight of glutaraldehyde 
per equivalent weight of the amino group of gelatin) to the flask. The reaction was conducted at 70°C for 5 
minutes to give brown particles. The resulting particles were collected by filtration, washed with ethyl acetate, 
followed by washing with acetone. The particles had a spherical form and a particle size of 0.1 to 1 mm when 
5 observed by a microscope. 

Example 2 

In a dispersing medium comprising 150 g of cyolohexane and 50 g of toluene, 6 g of ethyl cellulose (the 
10 ethoxy group content : 49% by weight) was dissolved. The resulting dispersing medium was introduced into a 
500-ml flask equipped with a cooling tube and agitating blades made from poiytetrafluoroethylene. The stlnlng 
speed was controlled at 400 r.p.m and the temperature was raised to 70°C. Then, 40 g of an aqueous solution 
of gelatin obtained by dissolving gelatin in water at 50°C in a concentration of 30% by weight was added to the 
flask, followed by addition of 0.15 g of a 50% aqueous solution of glutraaldehyde (0.15 equivalent weight of 
1S glutaraldehyde per equivalent weight of the amino group of gelatin) to the flask. The reaction was conducted 
at TO'C for 5 minutes to give brown particles. The resulting particles were collected by filtration, washed with 
ethyl acetate, followed by washing with acetone. The particles had a spherical fonm and a particle size of 0.1 
to 1 mm when observed by a microscope. The resulting particles were classified to collect those having a par- 
ticle size of 300-350 nm, which had the degree of swelling of 21 .2 ml/g when measured in an isotonic sodium 
20 chloride solution. 

Example 3 

In a dispersing medium comprising 150 g of decalln and 50 g of toluene, 6 g of ethyl cellulose (the ethoxy 
25 group content : 49% by weight) was dissolved. The resulting dispersing medium was introduced into a 500-ml 
flask equipped with a cooling tube and agitating blades made from poiytetrafluoroethylene. The stirring speed 
was controlled at 400 r.p.m and the temperature was raised ot70'C. Then, 40 g of an aqueous solution of gelatin 
obtained by dissolving gelatin in water at 50°C in aconcentration of 30% by weight was added to the flask, fol- 
lowed by addition of 4 g of a 50% aqueous solution of giutaraldehyde (4 equivalent weight per equivalent weight 
30 of the amino group of gelatin) to the flask. The reaction was conducted at 70°C for 5 minutes to give brown 
particles. The resulting particles were collected by filtration, washed with ethyl acetate, followed by washing 
with acetone. The particles had aspherlcal fonn and a particle size of 0.1 to 1 mm when observed by a micro- 
scope. 

35 Example 4 

In a dispersing medium comprising 1 50 g of cyclohexane and 50 g of ethyl acetate, 6 g of ethyl cellulose 
(the ethoxy group content : 49% by weight) was dissolved. The resultingdispersing medium was introduced Into 
a 500-ml flask equipped with a cooling tube and agitating bladesmade from poiytetrafluoroethylene. The stirring 
40 speed was controlled at 400 r.p.m and thetemperature was raised to 70°C. Then, 40 g of an aqueous solution 
of gelatin obtained by dissolving gelatin in water at 50°C in a concentration of 30% by weight was added to the 
flask, followed by addition of 4g of a 50% aqueous solution of glutaraldehyde (4 equivalent weight per equivalent 
weight of the amino group of gelatin) to the flask. The reaction was conducted at 70°C for 5 minutes to give 
brown particles.The resulting particles were collected by filtration, washed with ehtyl acetate, followed by wash- 
es Ing with acetone. The particles had a spherical form and a particle size of 0.1 to 1 mm when observed by a 
microscope. 

Comparative Example 1 

so In 200 g of cyclohexane, 6 g of polyoxyethylene nonylphenyl ether as dispersing agent was dissolved. The 
resulting solution was introduced into a,f 00-ml flask equipped with a cooling tube and agitating blades made 
from poiytetrafluoroethylene. The stirring speed was controlled at 400 r.p.m. and the temperature was raised 
to 70°C. Then, 40 g of an aqueous solution of gelatin obtained by dissolving gelatin in water at 50°C in a con- 
centration of 30% by weight was added to the flask, followed by addition of 4 g of a 50% aqueous solution of 

55 glutaraldehyde to the flask. The reaction was conducted at 70°C for 5 minutes. As a result, gelatin in block fonn, 
not in the spherical form, was obtained. 



5 
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Comparative Example 2 

In 200 g of toluene, 6 g of ethyl cellulose (the ethoxy group content : 49% by weight) was dissolved. The 
resulting solution was introduced into a 500-ml f1asl< equipped with a cooling tube and a stining rod made from 
5 polytetrafluoroethylene. The stirring speed was controlled at 400 r.p.m andthe temperature was raised to 70°C. 
Then, 40 g of an aqueous solution of gelatin obtained by dissolving gelatin in water at SCC in a concentration 
of 30% by weight was added to the flask, followed by addition of 4 g of a 50% aqueous solution of glutaraldehyde 
to the flask. The reaction was conducted at 70'C for 5 minutes. As a result, gelatin in block foim, not in the 
spherical form, was obtained. 

10 

Examples 5 to 9 

The procedure of Example 1 was repeated except for changing the using amount of the 50% aqueous sol- 
ution of glutaraldehyde as shown in Table 1 to obtain cross-linked spherical particles classified so as to have 
IS a particle size of 300 to 350 ^m. Swelling volumes in an isotonic sodium chloride solution of individual particles 
are also shown In Table 1. 



TABLE 1 



20 


Example No. 


Using amount of 50% 
glutaraldehyde aq. 
soln. ig} 


Swelling volume 
(ml/g) 




5 


0.29 


9.8 


25 


■6 


0.62 


7.8 




7 


1.3 


6:9 




8 


2.7 


5.9 


30 


9 


6 


6.5 



Application Example 

35 Slurries were prepared by dispersing 0.5 g of the crosslinked spherical gelatin particles obtained in Exam- 
ples 2 and 5 to 9 in 20 ml of meglumine sodium amldotrizoate injection (trade name ANGIOGRAFIN manufac- 
tured by Schering AG). 

Using each slurry thus prepared, the following test was conducted. Dogs were used for the test, since dogs 
have a fibrin decomposition system characterized by rapid repassing through an embolized arteria as well as 

40 an increase of plasmin growth and short U-globulin dissolution time compared with human being. A dog was 
given 50 to 100 mg/kg of ketamine at a muscle, followed by injection of 0.5 cc/kg of pentobarbital at a vein to 
anesthetize the dog. Then a catheter was introduced Into a kidnefyof the dog by the Seldinger technique, fol- 
lowed by Injection of the slurry through the catheter until 500 mg of the gelatin spherical particles were fed so 
as to embolize the kidney. During such a period, the state of the progress until embolization was controlled by 

45 a contrast method. 

After 30 days, the kidney was delivered and examined by anatomy. As a result, the embolizatton of arteria 
had been conducted well and no re-passing throug h arteria nor disruption of bloodvessel wall took place in each 
case. 

Then, each slurry was injected onto peritoneum of mouse In an amount of 2 mg/kg in terms of the gelatin 
50 particles to conduct a toxicity test. After one week, when subjected to anatomical examination, the particles 
were collected in the peritoneum and no acute toxicity was observed. Each slurry showed negative when a pre- 
gel test using pyrogen was conducted. 



55 Claims 

1 . A process for producing gelatin spherical gels which comprises dispersing an aqueous solution of gelatin 
and an aliphatic dial or a water-soluble polyvalent epoxide in a dispersing medium obtained by dissolving wa- 

6 
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ter-insoluble ethyl cellulose In a non-polar alloyclic hydrocarbon solvent which Is not misolble with water, and 
conducing a crosslinking reaction. 

2. A process according to Claim 1 , wherein the alicyclic hydrocarbon is at least one member selected from 
cyclopentane, cyclohexane, cycloheptane, methylcyclohexane, cycloootane and decalin. 

3. A process according to Claim 1 or Claim 2, wherein the alicyclic hydrocarbon Is used together with at 
least one polar solvent or an aromatic hydrocarbon. 

4. A process according to Claim 3, wherein the polar solvent is an ester, a itetone, a halogenated alkane, 
an ether or an alcohol. 

5. A process according to Qaim 3, wherein the aromatic hydrocarbon is benzene, toluene, zylene, ethyl- 
benzene, chlorobenzene, dichlorobenzene, bromobenzene or dibromobenzene. 

6. A process according to any preceding daim, wherein the water-insoluble ethyl cellulose has the ethoxy 
group content of 43 to 50% by weight 

7. A crosslinked gelatin spherical particle having a particle size of 50 to 1000 ^m for use as an embolic 
agent 

8. Use of a cross-linked gelatin spherical particle having a particle size of 50 to 1 000 urn for the manufacture 
of an embolic agent. 

9. Use of a cross-linked gelatin spherical particle having a particle size of 1 00 to 1 000 urn in the dry state 
and a swelling volume of 5 to 100 ml/g measured in an isotonic chloride solution, for the manufacture of an 
embolic agent 

10. An embolic agent which is a crosslinked gelatin spherical particle having a particle size of 100 to 1000 
^m in dry state and a swelling volume of 5 to 1 00 ml/g measured in an isotonic sodium chloride solution. 



Anspruche 

1. Verfahren zur Herstellung von kugelformigen Gelatinegelen, dadurch gekennzeichnet da& man elne 
wMBrlge Losung von Gelatine und einem aliphatischen Dial oder einem wasserloslichen mehrwertigen Epoxid 
in einem Dispergierungsmedium dispergiert, welches dadurch erhalten worden ist, da& man wasseruniosliche 
Ethylcelluiose in einem nichtpolaren alicyclischen Kohlenwasserstoff-Losungsmittei, das mit Wasser nicht 
mischbar ist auflfist und da& man eine Vemetzungsreaktion durchfuhrt. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet daQ, der alicyclische Kohlenwasserstoff mlnde- 
stens eine Substanz, ausgenwahltaus Cyclopentan, Cyclohexan, Cycloheptan, Methylcyclohexan, Cyciooctan 
und Decalin, ist 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet dalJ man den alicyclischen Kohlenwas- 
serstoff zusammen mitmindestens einem polaren Losungsmittel oder einem aromatischen Kohlenwasserstoff 
verwendet 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dai^ das polare Losungsmittel ein Ester, ein 
Keton, ein halogeniertes Alkan, ein Ether oder ein Alkohol ist. 

5. Verfahren nach Anspruch 3, dadurch gekennzeichnet daB deraromatlsohe Kohlenwasserstoff Benzol, 
Toluol, Zylol, Ethylbenzol, Chiorbenzol, Dlchlorbenzol, Brombenzol oder Dibrombenzol ist. 

6. Verfahren nach einem der vorstenhenden AnsprOche, dadurch gekennzeichnet da& die wasserunioslich 
Ethylcelluiose einen Gehalt an Ethoxygruppen von 43 bis 50 Gew.-% hat 

7. Vernetztes kugelfonniges Gelatineteilchen mit einerteilchengroSe von 50 bis 1000 urn zur Verwendung 
als emboiisches Mittel. 

8. Die Verwendung eines vernetzten kugelfonmigen Gelatineteilchens mit einer Tellchengr5Se von 50 bis 
1000 ^m fOrdie Herstellung eines embollschen Mittels. 

9. Die Venvendung eines vemetzten kugelformigen Gelatineteilchens mit einer Teilchengro&e von 100 bis 
1000 ^m im trockenen Zustand und einem Queiivolumen von 5 bis 100 ml/g gemessen in einer isotonischen 
Natriumchloridiasung fur die Herstellung eines embollschen Mittels. 

10. Emboiisches Mittel, mamllch ein vernetztes kugeifomniges Gelatineteilchen mit einer TeilchengrfiBe 
von 100 bis 1000 ^m in trockenen Zustand und einem Quellvolumem von 5 bis 100 ml/g, gemessen in einer 
isotonischen Natriumchloridlosung. 



Revendicatlons 

1. Proc^dS de production de gels sph§riques de gelatine, qui consiste d disperser une solution aqueuse 
de gelatine et un dial aliphatique ou un ^poxyde polyvalent hydrosoiuble dans un milieu de dispersion qu'on 
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obtient en dissolvant une 6thyIceIluIose non hydrosoluble dans un solvant hydrocarbons alicyclique non polaire 
qui n'est pas miscible avec I'eau et d effectuer une reaction de r6ticulation. 

2. Proc6d6 selon la revendication 1 , dans lequel I'hydrocarbure alicyclique est au moins un compost choisi 
panni le cyclopentane, le cyclohexane, le cycloheptane, le mSlhylcyolohexane, le cyclo-octane et la d6caline. 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel on utilise I'hydrocarbure alicyclique conjointement 
avec au moins un solvant polaire ou un hydrocarbure aromatique. 

4. Proc6d6 selon la revendication 3, dans lequel le solvant polaire est un ester, une cStone, un aicane halo- 
gens, un Sther ou un alcool. 

5. Proc6d6 selon la revendication 3, dans lequel I'hydrocarbure aromatique est le benzSne, le tolufene, le 
xylfene, I'6thylbenz6ne, le chlorobenzfene, le dichlorobenzdne, le bromobenz6ne ou le dibromobenzfene. 

6. Proc6d6 selon I'une queiconque des revendlcations pr6c6dentes, dans lequel l'6thylcelluiose non hydro- 
soluble prSsente une teneur en groupes 6thoxy de 43 A 50% en poids. 

7. Particule sph6rique de gelatine r6ticul6e, ayant une granulomStrie de 50 d 1000 nm, destinSe d Stre 
employSe comme agent embolique. 

8. Utilisation d'une particule sphSrique de gSlatine r6ticul6e, ayant une granulomStrie de 50 d 1000 ^im, 
pour la fabrication d'un agent embolique. 

9. Utilisation d'une particule sphSrique de gSlatine rSticulSe, ayant une granulomitrie de 100 S 1000 urn 
& l'6tat sec et un volume de gonflement de 5 ^ 100 mi/g, mesur6 dans une solution isotonique de chlorure, 
pour la fabrication d'un agent embolique. 

10. Embole, qui est une particule sph6rique de g6latine r6ticul6e, ayant une granuIomStrie de 100 a 1000 
^m h l'6tat sec et un volume de gonflement de 5 a 100 ml/g, mesurS dans une solution isotonique de chlorure 
de sodium. 



